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1
CLEANING FORMULATIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Phase filing of inter-
national patent application number PCT/US2016/025186
filed Mar. 31, 2016 that claims the benefit of U.S. Provi-
sional Application No. 62/140,731, filed Mar. 31, 2015. The
disclosures of these applications are hereby imcorporated by
reference 1n their entirety.

BACKGROUND

The present invention relates to cleaning compositions
that can be used for a variety of applications including, for
example, removing unwanted resist films, post-etch, and
post-ash residue on a semiconductor substrate. In particular,
the present invention relates to cleaning compositions useful
for the removal of residue, preferably copper-containing
post-etch and/or post-ash residue, from the surface of sub-
strates, preferably microelectronic devices, and methods of
using said compositions for removal of same.

The background of the present invention will be described
in connection with 1ts use 1n cleaning applications mvolving
the manufacture of integrated circuits. It should be under-
stood, however, that the use of the present invention has
wider applicability as described hereinatter.

In the manufacture of mtegrated circuits, it 1s sometimes
necessary to etch openings or other geometries 1n a thin film
deposited or grown on the surface of silicon, gallium
arsenide, glass, or other substrate located on an in-process
integrated circuit water. Present methods for etching such a
film require that the film be exposed to a chemical etching
agent to remove portions of the film. The particular etching
agent used to remove the portions of the film depends upon
the nature of the film. In the case of an oxide film, for
example, the etching agent may be hydrofluoric acid. In the
case of a polysilicon film, 1t will typically be hydrofluoric
acid or a mixture of nitric acid and acetic acid.

In order to assure that only desired portions of the film are
removed, a photolithography process 1s used, through which
a pattern 1n a computer drafted photo mask 1s transferred to
the surface of the film. The mask serves to 1dentily the areas
of the film which are to be selectively removed. This pattern
1s formed with a photoresist material, which 1s a light
sensitive material spun onto the in-process integrated circuit
waler 1n a thin film and exposed to high intensity radiation
projected through the photo mask. The exposed or unex-
posed photoresist material, depending on 1ts composition, 1s
typically dissolved with developers, leaving a pattern which
allows etching to take place in the selected areas, while
preventing etching in other areas. Positive-type resists, for
example, have been extensively used as masking matenals
to delineate patterns on a substrate that, when etching
occurs, will become wvias, trenches, contact holes, etc.

Increasingly, a dry etching process such as, for example,
plasma etching, reactive 1on etching, or 1on milling 1s used
to attack the photoresist-unprotected area of the substrate to
form the vias, trenches, contact holes, etc. As a result of the
plasma etching process, photoresist, etching gas and etched
material by-products are deposited as residues around or on
the sidewall of the etched openings on the substrate.

Such dry etching processes also typically render the resist
mask extremely diflicult to remove. For example, in com-
plex semiconductor devices such as advanced DRAMS and
logic devices with multiple layers of back end lines of
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interconnect wiring, reactive ion etching (RIE) 1s used to
produce vias through the interlayer dielectric to provide
contact between one level of silicon, silicide or metal wiring
to the next level of wiring. These vias typically expose, Al,
AlCu, Cu, Ti, TiN, Ta, TaN, silicon or a silicide such as, for
example, a silicide of tungsten, titanium or cobalt. The RIE
process, for example, leaves a residue on the involved
substrate comprising a complex mixture that may include,
for example, re-sputtered oxide material, polymeric material
derived from the etch gas, and organic material from the
resist used to delineate the vias.

Additionally, following the termination of the etching
step, the photoresist and etch residues must be removed from
the protected area of the waler so that the final finishing
operation can take place. This can be accomplished 1n a
plasma “ashing” step by the use of suitable plasma ashing
gases. This typically occurs at high temperatures, for
example, above 200 degrees C. Ashing converts most of the
organic residues to volatile species, but leaves behind on the
substrate a predominantly inorganic residue. Such residue
typically remains not only on the surface of the substrate, but
also on the mnside walls of vias that may be present. As a
result, ash-treated substrates are often treated with a cleaning,
composition typically referred to as a “ligmd stripping
composition” to remove the highly adherent residue from
the substrate. Finding a suitable cleaning composition for
removal of this residue without adversely allecting, e.g.,
corroding, dissolving or dulling, the metal circuitry has also
proven problematic. Failure to completely remove or neu-
tralize the residue can result 1n discontinuances in the
circuitry wiring and undesirable increases in electrical resis-
tance.

Cleaning of post-etch residues remains a critical process
step for any low-k dielectric matenial to succeed. As the
dielectric constant of the low-k material pushes below 2.4,
the chemical and mechanical sensitivity increases (e.g.,
chemical strength decreases, etc.), thereby requiring shorter
process times and/or less aggressive chemistries. Unfortu-
nately, shorter process times generally translates to more
aggressive chemistries which can have a detrimental effect
on the low-k dielectric material, as well as other stack
matenals (e.g., copper, etch stop, etc.).

Also, new uses for various metals are being developed
that create challenges for removing their residues. One such
example 1s the use of cobalt as an nsulation of diffusion
barrier layer layer to prevent the migration of copper into a
waler or dielectric layer. Cobalt-containing post-etch residue
1s very dificult to remove from, for example, via walls.
Thus, improved cleaning chemistries with very high selec-
tivity are desired.

Prior art stripping compositions include, for example:
U.S. Pat. No. 7,399,356 (Aoyama), U.S. Pat. No. 6,755,989

(Wojtczak), U.S. Pat. No. 7,250,391 (Kanno), U.S. Pat. No.
7,723,280 (Brainard), U.S. patent application Publication
No. 2006/0016785 (Egbe); U.S. patent application Publica-
tion No. 2006/0178282 (Suyama), U.S. patent application
Publication No. 2006/0237392 (Auger), U.S. patent appli-
cation Publication No. 2006/0270573 (Ikemoto), U.S. patent
application Publication No. 2007/0078073 (Auger), and
U.S. patent application Publication No. 2009/0301996 (Vis-
intin). Such prior art stripping compositions for removing
the etching residue sufler, however, from significant draw-
backs. For example, their use tends to erode copper wire
exposed on the bottoms of via holes. Moreover, where
porous interlayer low-k dielectrics are concerned, prior art
stripping compositions either etch the porous interlayer
dielectric materials or include components that adsorb into
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the pores thus increasing the dilectric constant, k, of the
dielectric materials, which may potentially negatively
impact the performance of the ultimate device.

Therefore, there 1s a need in the art for a cleaning
composition for back end of the line cleanming operations that
cllectively cleans substrates comprising porous interlayer
dielectric layers, but does not significantly etch metals (e.g.,
Cu, Al) or the porous low-k dielectrics, and that does not

significantly negatively impact the dielectric constant of the
porous low-k films.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will hereinafter be
described in conjunction with the appended drawing figures
wherein like numerals denote like elements.

FIG. 1A 1s a table of the components ol compositions
tested, the mass of each component, and the film loss rate for
a first group of examples of the present invention; and

FIG. 1B 1s a table of the components ol compositions
tested, the mass of each component, and the film loss rate for
a second group of examples of the present invention.

SUMMARY

The present invention satisfies this need by providing a
composition useful for removing residue from a semicon-
ductor substrate, the composition comprising: a) from about
25% to about 80% by weight of water; b) from about 0.01%
to about 5% by weight of a source of fluoride 1ons, based on
actives; ¢) from about 0.01% to about 10% by weight of
sulfuric acid; d) from about 1% to about 50% by weight of
an alkanolamine; ¢) from about 1% to about 25% by weight
of an organic acid, wherein the pH of the composition 1s
from 7 to 9.

In another aspect, a composition useful for removing
residue from a semiconductor substrate i1s provided, the
composition comprising: from about 25% to about 80% by
welght of water; from about 0.01% to about 5% by weight
of a fluoride 10n source, based on actives; from about 0.01%
to about 10% by weight of sulfuric acid; from about 1% to
about 50% by weight of an alkanolamine; from about 1% to
about 25% by weight of an organic acid, wherein the pH of
the composition 1s from 7 to 9.

In another aspect, a composition 1s provided comprising:
from about 50% to about 80% by weight of water; from
about 9.5% to about 15% by weight of a source of fluoride
ions, based on actives; from about 2.0% to about 8% by
welght of sulfuric acid; from about 25% to about 30% by
weilght of an alkanolamine; from about 0.8% to about 2.0%
by weight of an organic acid, wherein the pH of the
composition 1s from 7 to 9.

In yet another aspect, a composition 1s provided compris-
ing: from about 50% to about 80% by weight of water; from
about 20% to about 30% by weight of at least one
alkanolamine; from about 5% to about 15% by weight of
HF; from about 0.5% to about 2% by weight of L-ascorbic
acid; and from about 1.5% to about 8% by weight of sulfuric
acid; and about 0.1% of a trniazole selected from the group
consisting of benzotriazole, o-tolyltriazole, m-tolyltriazole,
p-tolyltriazole, carboxybenzotriazole, 1-hydroxybenzotriaz-
ole, nitrobenzotriazole and dihydroxypropylbenzotriazole,
wherein the pH of the composition 1s from 7 to 9.

In still yet another aspect, a composition 1s provided
comprising: from about 350% to about 80% by weight of
water; from about 9.5% to about 15% by weight of a source
of fluoride 10ns, based on actives; from about 2.0% to about
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8% by weight of sulfuric acid; from about 25% to about 30%
by weight of an alkanolamine; from about 0.8% to about
2.0% by weight of an organic acid, wherein the pH of the
composition 1s from 7 to 9.

In still yet another embodiment a composition 1s provided
comprising: ifrom about 3% to about 25% by weight of
water; Ifrom about 10% to about 45% by weight of a
water-miscible organic solvent selected from the group
consisting of propylene glycol, glycerol, dimethylacet-
amide, tetrahydrofuryl alcohol, ethylene glycol, hexylene
glycol, and mixtures thereof; from about 20% to about 30%
by weight of at least one alkanolamine; from about 5% to
about 15% by weight of HF; from about 0.5% to about 2%
by weight of an organic acid 1s selected from the group
consisting of I-ascorbic acid, oxalic acid, malonic acid, citric
acid, acetic acid, imiodiacetic acid, lactic acid, para-toluene
sulfonic acid, gallic acid, and mixtures thereot; from about

1.5% to about 8% by weight of sulfuric acid; and about 0.1%

of a triazole selected from the group consisting of benzo-
triazole, o-tolyltriazole, m-tolyltriazole, p-tolyltriazole, car-
boxybenzotriazole, 1-hydroxybenzotriazole, nitrobenzotri-
azole and dihydroxypropylbenzotriazole, wherein the
composition has a pH of from about 7 to about 9.

In yet another aspect, herein 1s provided a method for
removing residue from a semiconductor substrate, the
method comprising the steps of: contacting the semiconduc-
tor substrate with a cleaning composition as described
herein, wherein the semiconductor substrate comprises a
porous dielectric material having a dielectric constant; rins-
ing the cleaning composition from the semiconductor sub-
strate; and drying the semiconductor substrate, wherein the
dielectric constant of the porous dielectric material does not
increase more than 0.50, wherein the residue comprises a
cobalt residue.

DETAILED DESCRIPTION

The present mmvention provides a composition whose
components are present in amounts that effectively remove
residue from a substrate such as, for example, a semicon-
ductor substrate. In applications concerning semiconductor
substrates, such residues include, for example, photoresist
residues, ash residues, and etch residues such as, for
example, residues caused by reactive 1on etching. Moreover,
a semiconductor substrate also includes metal, silicon, sili-
cate and/or iter-level dielectric matenial such as deposited
silicon oxides, which will also come i1nto contact with the
cleaning composition. Typical metals include copper, copper
alloy, titanium, titanium mitride, tantalum, tantalum nitride,
aluminum and/or aluminum alloy. The cleaning composition
of the present mnvention 1s compatible with such materials as
they exhibit a low metal and/or dielectric etch rate. In
particular, compositions providing a copper etch rate of 4
Angstrom/minute (0.4 nanometer/minute) or less, 3 Ang-
strom/minute (0.3 nanometer/minute) or less, or 2 Ang-
strom/minute (0.2 nanometer/minute) or less may be pre-
ferred.

Water

The cleaning compositions of the present invention com-
prise water. In the present invention, water functions in
various ways such as, for example, to dissolve one or more
solid components of the composition, as a carrier of the
components, as an aid 1n the removal of the residue, as a
viscosity modifier of the composition, and as a diluent.
Preferably, the water employed 1n the cleaning composition
1s de-1onized (DI) water.
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It 1s believed that, for most applications, the cleaning
composition will comprise, for example, from about 25 to
about 80% by wt. of water. Other embodiments of the
present invention could comprise about 35 to about 50% by
wt. of water. Other preferred embodiments of the present
invention could comprise from about 50 to about 80% by wt.
ol water.

Fluoride Ion

The cleaning composition of the present mvention also
comprises one or more sources of fluoride 1on. Fluoride 1on
functions principally to assist 1n removing 1norganic resi-
dues from the substrate.

Preferred compounds that provide a fluoride 10n source
according to the present invention include hydrogen fluoride
(HF), ammonium fluoride (NH,F), ammonium hydrogen
difluoride (NH_,HF,), ammonium fluoroborate (NH,BF ),
boron trifluoride (BF;), fluoroboric acid (HBF,), hydrosili-

cofluoric acid (H,S1F,), and a quaternary ammonium fluo-
ride such as, for example, tetramethylammonium fluoride
and tetrabutylammonium fluoride. These can be used indi-
vidually or in a mixture of two or more thereof.

A fluoride salt of an aliphatic primary, secondary or
tertiary amine can also be employed as the fluoride 1on
source. Examples of such amines are those having the
formula:

RINRZR’RAF

wherein R', R*, R’ and R* individually represent H or a
(C,-C,) alkyl group. Typically, the total number of carbon
atoms in the R*, R*, R® and R* groups is 12 carbon atoms or
less.

In selecting the source of the fluoride 10on, consideration
should be given as to whether or not the source releases 1ons
that would adversely aflect the surface being cleaned. For
example, in cleaning semiconductor elements, the presence
of sodium or calcium 10ns 1n the cleaning composition can
have an adverse eflect on the surface of the element. In a
preferred embodiment, the fluoride 1on source 1s hydrogen
fluoride (HF).

It 1s believed that the amount of the compound used as the
source of the fluoride 10on 1n the cleaning composition will,
for most applications, comprise, from about 0.01 to about
5% by weight (based on the active 1if, for example, 1n an
aqueous solution). “Based on active” 1s intended to mean the
percent by weight of fluoride 10ns contributed to the clean-
ing composition by the source of fluoride 1on. For example,
if the compound used as the source of the fluoride 1on 1s HF
as a 5% aqueous solution, then preferably the composition
of the mnvention may comprise, for example, from about 3 to
about 20% by weight, more preferably from about 5% to
about 15% by weight and, more preferably, from about 10 to
about 15% by weight of HF (5%) component. If, as another
example, the compound used as the source of the fluoride
ion 1s ammonium fluoride, then the composition of the
invention may comprise from about 0.02 to about 15% by
weight, more preferably from about 0.02 to about 10% by
weight, still more preferably, about 1 to about 8% by weight,
and most preferably, from about 0.023% to about 5% by
weight of a solution of about 40% ammonium fluoride.

It should be understood that the amount of fluoride 10n
used will typically depend, however, on the particular sub-
strate being cleaned. For example, 1n certain cleaning appli-
cations, the amount of the fluoride 10n can be relatively high
when cleanming substrates that comprise dielectric materials
that have a high resistance to fluoride etching. Conversely,
in other applications, the amount of fluoride 1on should be
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relatively low, for example, when cleaning substrates that
comprise dielectric materials that have a low resistance to
fluoride etching.

H,SO,

The cleaming composition of the present invention also
comprises sulturic acid (H,SO, ). The sulturic acid functions
principally to increase the etch rate of 1norganic residues
from the substrate such as cobalt residue that, otherwise,
have proven diflicult to remove 1n a timely manner and
without harming the device. A source of the cobalt residue
1s, for example, a cobalt-contaiming barrier diffusion layer.

The composition of the mmvention may comprise from
about 0.01 to about 10% by weight, more preferably from
about 0.50 to about 8% by weight, still more preferably,
about 1 to about 5% by weight of sulfuric acid.

pH/Bultler

The cleaning composition of the present mvention prei-
erably includes a buflering agent to control the pH of the
composition, typically to within a range of from about 7 to
about 9, with the preferred pH range being between from
about 8 to about 9. The use of bullering 1s advantageous,
indeed even quite important because some applications
exhibit a pH drift which can cause significant and undesir-
able variances in cleaning and substrate etching.

Buflering agents for use in the present invention typically
comprise a weak acid and a soluble salt containing the
conjugate base of the weak acid. For example, the bullering
agent can comprise a weak organic monoacid and 1ts con-
jugate base such as, for example, acetic acid and ammonium
acetate. In other embodiments, the buflering agent may
comprise an organic or morganic base in combination with
an organic acid (preferably a diacid or a triacid). Examples
of suitable bases include: ammonium hydroxide, amines,
and quaternary ammonium hydroxides. In semiconductor
applications, 1t 1s preferred that the base not include metal
ions, for example, sodium and potassium, because they tend
to contaminate the substrate. In some embodiments, the
composition of this mvention will be free of sodium and
potassium. Preferred bases are the amine compounds
described herein and the preferred acids are the organic acids
described herein. The amine compound and the organic acid
compound together function as a bufler when present 1n
amounts sutlicient to form a bufler (i.e., when the molar ratio
of the acid to the base 1s from 1:1 to 1:10).

Amine Compound (Builer)

Examples of amine compounds for use as a builer com-
ponent 1n certain preferred embodiments of the present
invention, include the alkanolamines. Preferred alkano-
lamines 1nclude the lower alkanolamines which are primary,
secondary and tertiary having from 1 to 5 carbon atoms.
Examples of such alkanolamines include N-methyletha-
nolamine (NMEA), monoethanolamine (MEA), dietha-
nolamine, mono-, di- and tritssopropanolamine, 2-(2-amino-
cthylamino)ethanol, 2-(2-aminoethoxy )ethanol,
triethanolamine, N-ethyl ethanolamine, N,N-dimethyletha-
nolamine, N,N-diethyl ethanolamine, N-methyl dietha-
nolamine, N-ethyl diethanolamine, cyclohexylaminedietha-
nol, and mixtures thereof.

In preferred embodiments, the amine compound i1s an
alkanolamine selected from the group consisting of trietha-

nolamine (TEA), diethanolamine, N-methyl dietha-
nolamine, diisopropanolamine, monoethanol amine, amino
(ethoxy) ethanol (AEE), N-methyl ethanol amine,

monoisopropanol amine, cyclohexylaminediethanol, and
mixtures thereof.

It 1s believed that the amount of the amine compound 1n
the composition will, for the most applications, comprise
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from about 1% to about 50% by weight of the composition,
specifically, about 8% to about 50% by weight of the
composition, or more specifically, about 20% to about 50%
by weight of the composition. In some embodiments, the
amine compound comprises from about 2% to about 15%
weilght percent and, more specifically, from about 3 to about
12% or about from 3 to about from 7% by weight of the
composition.

In addition to functioming as the base component of a
bufler, any amine compound not reacted with an acid may
also function to react with organic residue and chelate metals
during the cleaning operation.

Organic Acid (Builer)

The cleaning composition of the present mvention also
comprises one or more organic acid, which functions as a pH
adjustor and, 1n some embodiments, as a bufler component.

Examples of organic acids may be aliphatic/aromatic
carboxylic acids, amino carboxylic acid, sulfonic acids and
aminosulfonic acid. Exemplary carboxylic acids include, but
are not limited to, acetic acid, propionic acid, butyric acid,
pentanoic acid, 3-methylbutanoic acid, hexanoic acid, hep-
tanoic acid, octanoic acid, nonanoic acid, decanoic acid,
dodecanoic acid, tridecanoic acid, tetradecanoic acid, pen-
tadecanoic acid, hexadecanoic acid, heptadecanoic acid,
octadecanoic acid, dodecanedioic acid, 2-methylheptanoic
acid, 2-hexyldecanoic acid, oxalic acid, malonic acid, maleic
acid, fumaric acid, succinic acid, 1taconic acid, glutaric acid,
adipic acid, malic acid, tartaric acid, acrylic acid, meth-
acrylic acid, citric acid, lactic acid, glycolic acid, ascorbic
acid, anthranilic acid, gallic acid, benzoic acid, 1sophthalic
acid, phthalic acid, trimellitic acid, pyromellitic acid, sali-
cylic acid, 2,4-dihydroxy benzoic acid and others. Exem-
plary amino carboxylic acids include, but are not limited to,
glycine, dihydroxy ethyl glycine, alamine, valine, leucine,
asparagine, glutamine, aspartic acid, glutaric acid, lysine,
arginine, 1imino diacetic acid, nitrilo triacetic acid, ethylene-
diamine tetraacetic acid, 1,2-cyclohexadiamine tetraacetic
acid, diethylene triamine pentaacetic acid, and others.
Exemplary sulfonic/aminosulionic acids include, but are not
limited to, benzyl sulionic acid, p-toluene sulfonic acid,
2-(N-morpholino)ethanesulionic acid, N-(2-hydroxyethyl)
piperazine-N'-(ethanesulifonic acid), 3-[N,N-bis(2-hydroxy-
cthyl)amino]-2-hydroxypropanesulfonic acid, 4-(N-mor-
pholino)butanesulionic acid, N-(2-hydroxyethyl))piperazine-
N'-(2-hydroxypropanesulionic acid), N-(2-hydroxyethyl)
piperazine-N'-(3-propanesulionic acid), 2-(N-
cyclohexylamino)ethanesulionic acid, and mixtures thereof.

In preferred embodiments, the organic acid 1s selected
from the group consisting of l-ascorbic acid, oxalic acid,
malonic acid, citric acid, acetic acid, imiodiacetic acid, lactic
acid, para-toluene sultfonic acid, gallic acid, and mixtures
thereol. A more preferred organic acid 1s l-ascorbic acid.

It 1s believed that the amount of the organic acid in the
composition will, for the most applications, comprise from
about 1% to about 25% by weight or from about 1% to about
15% by weight of the composition. Preferably, the organic
acid comprises from about 2% to about 12% weight percent,
preferably from about 6 to about 10%, and, more preferably,
from about 2 to about 5% by weight of the composition.

Water-Miscible Organic Solvent (Optional)

The cleaning composition of the present invention option-
ally comprises one or more water-miscible organic solvent
(s). In certain embodiments of the present invention, metal
lines on the substrate typically dictate whether a water-
miscible organic solvent 1s used. For example, when alumi-
num lines are present on a substrate, the combination of
water and fluoride 10n will typically tend to etch the alumi-
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num. In such embodiments, the use of a water-miscible
organic solvent can significantly reduce, i1f not eliminate,
ctching of aluminum if present.

Examples of water-miscible organic solvents that can be
used are ethylene glycol, propylene glycol, 1,4-butanediol,
hexylene glycol, dimethylsulioxide, dimethyl acetamide,

tetrahydrofurturyl alcohol, glycerol, alcohols, sulfoxides, or
mixtures thereol.

Preferred water-miscible solvents include propylene gly-
col, glycerol, dimethyl acetamide, tetrahydrofuryl alcohol,
cthylene glycol, hexylene glycol, and mixtures thereof.
Dimethylacetamide, propylene glycol (PG), glycerol, or
combinations thereol are most preferable.

It 1s believed that, for most applications, the amount of
water-miscible organic solvent will comprise from about 10
to 90% by weight of the composition or from about 30 to
85% by weight of the composition. In some embodiments,
the solvent comprises from about 50 to about 85% by weight
and, most especially, from about 55% to about 80% by
weight of water-miscible organic solvent by weight of the
composition.

In embodiments where the water-miscible solvent 1s pres-
ent, the amount of water 1n the composition may be signifi-
cantly reduced to, for example, from about 5% to about 25%
by weight.

In the composition of the present invention, the water-
miscible organic solvent functions primarily to dissolve
organic residues.

In some embodiments of the present invention, 1f
employed, the water-miscible solvent component of the
compositions of the present invention does not include an
ether solvent. In other words, 1n such certain embodiments,
cthers are not employed as the water-miscible solvent com-
ponent of the compositions of the present mmvention. (The
compositions are ether free compositions). Without wishing
to be bound by theory, 1t 1s believed that 1n some embodi-
ments ether solvents can damage the low-k layer. In par-
ticular, 1t 1s believed that ether solvents can penetrate the
porous low-k dielectric layer making 1t diflicult to remove
from the low-k layer and increasing the dielectric constant.
Thus, ether solvents can contaminate the porous low-k layer
and adversely atlect its insulation ability. In addition, ether
solvents can adversely aflfect and increase the copper etch
rate. Accordingly, upon use, the compositions of the present
invention preferably do not increase the dielectric constant
of the low-k dielectric layer more than 0.50 and the Cu etch
rate does not exceed 4 Angstrom/minute (0.4 nanometer/
minute).

Corrosion Inhibitors

The compositions of the present invention optionally
comprise at least one corrosion 1nhibitor. Corrosion inhibi-
tors serve to react with the substrate surface being cleaned,
which may be a metal, particularly copper, or a nonmetal, to
passivate the surface and prevent excessive etching during
cleaning. In particular and without being bound to any
particular theory, it 1s believed that the corrosion inhibitor
forms a coating of an msoluble chelate compound on the
copper surface, thus suppressing contact between the pho-
toresist residue removal component and the metal thereby
preventing corrosion.

Any corrosion inhibitor known in the art for similar
applications, such as those disclosed 1n U.S. Pat. No. 5,417,
877, which are incorporated herein by reference, may be
used. The use of a corrosion-inhibitor 1s particularly pre-
ferred when the composition 1s used to clean a metallic
substrate. Examples of corrosion-inhibitors include aromatic
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hydroxyl compounds, acetylenic alcohols, carboxyl group-
containing organic compounds and anhydrides thereof, and
triazole compounds.

Exemplary aromatic hydroxyl compounds include phe-
nol, cresol, xylenol, pyrocatechol, resorcinol, hydroquinone,
pyrogallol, 1.2.4-benzenetriol, salicyl alcohol, p-hydroxy-
benzyl alcohol, o-hydroxybenzyl alcohol, p-hydroxyphen-
cthyl alcohol, p-aminophenol, m-aminophenol, diaminophe-
nol, amino  resorcinol, p-hydroxybenzoic  acid,
o-hydroxybenzoic acid, 2,4-dihydroxybenzoic acid, 2-5-di-
hydroxybenzoic acid, 3,4-dihydroxybenzoic acid and 3,5-
dihydroxybenzoic acid.

Exemplary acetylenic alcohols include 2-butyne-1,4-diol,
3,5-dimethyl-1-hexyn-3-ol, 2-methyl-3-butyn-2-ol,
3-methyl-1-pentyn-3-ol, 3,6-dimethyl-4-octyn-3,6-diol, 2,4-
7.9-tetramethyl-5-decyne-4,7-diol  and  2,5-dimethyl-3-
hexyne 2,5-diol.

Exemplary carboxyl group-containing organic com-
pounds and anhydrides thereof include formic acid, acetic
acid, propionic acid, butyric acid, 1sobutyric acid, oxalic
acid, malonic acid, succinic acid, glutaric acid, maleic acid,
tfumaric acid, benzoic acid, phthalic acid, 1,2,3-benzenetri-
carboxylic acid, glycolic acid, lactic acid, maleic acid, acetic
anhydride and salicylic acid.

Exemplary triazole compounds include benzotriazole,
o-tolyltriazole, m-tolyltriazole, p-tolyltriazole, carboxyben-
zotriazole, 1-hydroxybenzotriazole, nitrobenzotriazole and
dihydroxypropylbenzotriazole.

In an exemplary embodiment, the corrosion inhibitors
include one or more of benzotriazole, carboxybenzotriazole,
amino-benzotriazole, D-1ructose, catechol, t-butyl catechol,
L-ascorbic acid, gallic acid, vanillin, salicylic acid, diethyl
hydroxylamine, and poly(ethyleneimine).

Preferred copper corrosion inhibitors are selected from
the group consisting of benzotriazole, amino-benzotriazole,
L-ascorbic acid, gallic acid, vanillin, diethylhydroxylamine,
and mixtures thereof.

In other embodiments, the corrosion inhibitor 1s a triazole
and 1s at least one of benzotriazole, o-tolyltriazole, m-tolyl-
triazole, and p-tolyltniazole.

It 1s believed that for most applications, the corrosion-
inhibitor will comprise from about 0.1 wt. % to about 15 wt.
% of the composition; preferably it comprises from about
0.1 wt. % to about 10 wt. %, preferably, from about 0.5 wt.
% to about 5 wt. %, and most preferably, from about 0.1 wt.
% to about 1 wt. % or about 0.5 wt. % to about 5 wt. % of
the composition.

Other Optional Ingredients

The cleaning composition of the present invention may
also 1include one or more of the following additives: surfac-
tants, chelating agents, chemical modifiers, dyes, biocides,
and other additives. The additive(s) may be added to the
extent that they do not adversely aflect the pH range of the
composition.

Another optional ingredient that can be used in the
cleaning composition 1s a metal chelating agent; 1t can
function to increase the capacity of the composition to retain
metals 1n solution and to enhance the dissolution of metallic
residues. Typical examples of chelating agents useful for this
purpose are the following organic acids and their 1somers
and salts: ethylenediaminetetraacetic acid (EDTA), buty-
lenediaminetetraacetic acid, (1,2-cyclohexylenediamine )tet-
raacetic acid (CyDTA), diethylenetriaminepentaacetic acid
(DETPA), ethylenediaminetetrapropionic acid, (hydroxy-
cthyl)ethylenediaminetriacetic acid (HEDTA), N, N,N',
N'-ethylenediaminetetra(methylenephosphonic) acid
(EDTMP), triethylenetetraminehexaacetic acid (TTHA),
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1,3-diamino-2-hydroxypropane-N,N,N' ,N'-tetraacetic acid
(DHPTA), methyliminodiacetic acid, propylenediaminetet-
raacetic acid, nitrotriacetic acid (NTA), citric acid, tartaric
acid, gluconic acid, saccharic acid, glyceric acid, oxalic acid,
phthalic acid, maleic acid, mandelic acid, malonic acid,
lactic acid, salicylic acid, catechol, gallic acid, propyl gal-
late, pyrogallol, 8-hydroxyquinoline, and cysteine. Preferred
chelating agents are aminocarboxylic acids such as EDTA,
CyDTA and aminophosphonic acids such as EDTMP.

It 1s believed that, for most applications, the chelating
agent will be present in the composition 1n an amount of
from about 0.1 wt. % to about 10 wt. %, preferably 1n an
amount of from about 0.5 wt. % to about 5 wt. % of the
composition.

Other commonly known components such as dyes, bio-
cides etc. can be included 1n the cleaning composition 1n
conventional amounts, for example, amounts up to a total of
about 5 weight % of the composition.

In one exemplary embodiment, the cleaning composition
of the present invention comprises from about 25% to about
80% by weight of water; from about 0.01% to about 5% by
weilght of a fluoride 10n source, based on actives; from about
0.01% to about 10% by weight of sulfuric acid; from about
1% to about 50% by weight of an alkanolamine; from about
1% to about 25% by weight of an organic acid, wherein the
pH of the composition 1s from 7 to 9.

In another exemplary embodiment, the cleaning compo-
sition of the present invention comprises: from about 50% to
about 80% by weight of water; from about 9.5% to about
15% by weight of a source of fluoride 10ns, based on actives;
from about 2.0% to about 8% by weight of sulfuric acid;
from about 25% to about 30% by weight of an alkanolamine;
from about 0.8% to about 2.0% by weight of an organic acid,
wherein the pH of the composition 1s from 7 to 9.

In another exemplary embodiment, the cleaming compo-
sition of the present invention comprises: from about 50% to
about 80% by weight of water; from about 20% to about
30% by weight of at least one alkanolamine; from about 3%
to about 15% by weight of HF; from about 0.5% to about 2%
by weight of L-ascorbic acid; and from about 1.5% to about
8% by weight of sulfuric acid; and about 0.1% of a triazole
selected from the group consisting of benzotriazole, o-tolyl-
triazole, m-tolyltriazole, p-tolyltnazole, carboxybenzotriaz-
ole, 1-hydroxybenzotriazole, nitrobenzotriazole and dihy-
droxypropylbenzotriazole, wherein the pH of the
composition 1s from 7 to 9.

In another exemplary embodiment, the cleaming compo-
sition of the present invention comprises: from about 50% to
about 80% by weight of water; from about 9.5% to about
15% by weight of a source of fluoride 10ns, based on actives;
from about 2.0% to about 8% by weight of sulfuric acid;
from about 25% to about 30% by weight of an alkanolamine;
from about 0.8% to about 2.0% by weight of an organic acid,
wherein the pH of the composition 1s from 7 to 9.

In another exemplary embodiment, the cleaning compo-
sition of the present invention comprises: from about 5% to
about 25% by weight of water; from about 10% to about
45% by weight of a water-miscible organic solvent selected
from the group consisting of propylene glycol, glycerol,
dimethylacetamide, tetrahydrofuryl alcohol, ethylene gly-
col, hexylene glycol, and mixtures thereof; from about 20%
to about 30% by weight of at least one alkanolamine; from
about 5% to about 15% by weight of HF; from about 0.5%
to about 2% by weight of an organic acid 1s selected from the
group consisting ol l-ascorbic acid, oxalic acid, malonic
acid, citric acid, acetic acid, imiodiacetic acid, lactic acid,
para-toluene sulfonic acid, gallic acid, and mixtures thereof;
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from about 1.5% to about 8% by weight of sulfuric acid; and
about 0.1% of a triazole selected from the group consisting
ol benzotriazole, o-tolyltriazole, m-tolyltriazole, p-tolyltri-
azole, carboxybenzotriazole, 1-hydroxybenzotriazole,
nitrobenzotriazole and  dihydroxypropylbenzotriazole,
wherein the composition has a pH of from about 7 to about
9.

When exposed to a substrate comprising a porous dielec-
tric material, the cleaning compositions of the present inven-
tion do not substantially change the dielectric constant of the
porous dielectric material. In this regard, when exposed to a
substrate comprising a porous dielectric material, the clean-
ing compositions of the present invention pretferably does
not increase the maternal’s dielectric constant by more than
0.35 and, preferably, not more than 0.25.

The cleaning composition of the present invention 1s
typically prepared by mixing the components together 1n a
vessel at room temperature until all solids have dissolved in
the aqueous-based medium.

The cleaming composition of the present invention can be
used to remove from a substrate undesired residue, including,
residue that comprises cobalt. It 1s believed that the com-
position can be used to particularly good advantage in
cleaning a semiconductor substrate on which residue 1is
deposited or formed during the process for manufacturing
semiconductor devices; examples of such residue include
resist compositions 1n the form of films (both positive and
negative) and etching deposits formed during dry etching, as
well as chemically degraded resist films. The use of the
composition 1s particularly effective when the residue to be
removed 1s a resist film and/or an etching deposit on a
semiconductor substrate having a metal film-exposed sur-
face. Examples of substrates that can be cleaned by use of
the composition of the present mvention without attacking,
the substrates themselves include metal substrates, for
example: aluminum titanium/tungsten; aluminum/silicon;
aluminumy/silicon/copper; silicon oxide; silicon mitride; and
gallium/arsenide. Such substrates typically include residues
comprising photoresists and/or post etch deposits.

In addition to being effective when used to remove resist
films and/or etching residues on a semiconductor wafer
having an exposed surface of a metal film, the cleaning
composition 1s especially eflective when the metal film 1s
made of copper or a copper alloy containing copper as the
main component and also when a low-dielectric film 1s used
as an interlayer insulating film. An example of a copper alloy
containing copper as the main component 1s one containing
90% by weight or more copper, and other elements, for
example, Sn, Ag, Mg, Ni, Co, Ti, S1, and Al. Since these
metals have low resistances and improve the high-speed
operation of elements, but are easily dissolved or corroded
by chemicals, the “non-corrosive” properties of the compo-
sition of the present mvention are significant.

The cleaming composition can be used to remove post-
etch and ash, other organic and 1norganic residues as well as
polymeric residues from semiconductor substrates at rela-
tively low temperatures with little corrosive eflect. The
cleaning composition of the mvention 1s particularly effec-
tive in removing cobalt containing etch residue. The clean-
ing composition should be applied to the surface for a period
of time suilicient to obtain the desired cleaning effect. The
time will vary depending on numerous factors, including, for
example, the nature of the residue the temperature of the
cleaning composition and the particular cleaning composi-
tion used. In general, the cleaning composition can be used,
for example, by contacting the substrate at a temperature of
from about 25 degrees C. to about 85 degrees C. for a period
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of time ranging from about 1 minute to about 1 hour
followed by rinsing the cleaning composition from the
substrate and drying the substrate.

The contacting step can be carried out by any suitable
means such as, for example, immersion, spray, or via a
single walfer process; any method that utilizes a liquid for
removal of photoresist, ash or etch deposits and/or contami-
nants can be used.

The rinsing step 1s carried out by any suitable means, for
example, rinsing the substrate with de-ionized water by
immersion or spray techniques. In some embodiments, the
rinsing step 1s carried out employing a mixture of de-ionized
water and a water-miscible organic solvent such as, for
example, 1sopropyl alcohol.

The dryving step 1s carried out by any suitable means, for
example, 1sopropyl alcohol (IPA) vapor drying or by cen-
trifugal force.

It will be appreciated by those skilled in the art that the
cleaning composition of the present invention may be modi-
fied to achieve optimum cleaning without damaging the
substrate so that high throughput cleaning can be maintained
in the manufacturing process. For example, one skilled 1n
the art would appreciate that, for example, modifications to
the amounts of some or all of the components may be made
depending upon the composition of the substrate being
cleaned, the nature of the residue to be removed, and the
particular process parameters used.

In another embodiment of the present invention 1s pro-
vided a replenishment composition for the cleaning compo-
sition of this invention. As the cleaning composition 1s used
to clean semiconductor substrates the cleaning composition
1s partially removed from the container or bath that holds the
cleaning composition with each of the substrates that are
contacted with the cleaning composition. The cleaning com-
position 1s typically used to clean a plurality of substrates
that are serially and/or simultaneously and/or both serially
and simultaneously (in the case of batches of substrates that
contacted with the cleaning composition followed by one or
a plurality of batches) and then replaced with a fresh
quantity of the cleaning composition. The substrates are
contacted with the cleaning composition by, for example,
spraying the one or more substrates with the cleaning
composition and/or dipping the one or more substrates into
a bath containing the cleaning composition. The tool used to
clean the substrates may be for example, a spray solvent
tool, a wet bench tool or a single water tool. Additionally,
typically the method further comprises the step of heating
the cleaning composition ambient temperature to, for
example, a temperature between from about 25 to 85 degrees
C. or from about 25 to about 45 degrees C. prior to and/or
when contacting the one or more substrates. The heating of
the cleaning composition causes the components of the
cleaning composition to evaporate. The rate of the evapo-
ration of each of the components 1s typically a function of
the boiling points of each of the components thereby causing
the ratio of the components 1n the cleaning composition to
change over time. It has been determined for the cleaning
compositions of this mvention that it may be beneficial to
add a replenishment composition to the cleaning composi-
tion after 1t has cleaned a set number of substrates or after
a certain period of time or upon measurement of a variable
characteristic of the cleaning composition that 1s related to
the change 1n the ratio of the components in the cleanming
composition. Examples of the variables that may be mea-
sured and used to determine 11 it 1s time to add the replen-
iIshment composition to the cleaning composition include:
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the pH or cleaning efliciency or substrate etch rates of the
composition or the level of the cleaming composition 1n the

bath.

The method may further comprise the steps of rinsing the
cleaning composition from the semiconductor substrate; and
drying the semiconductor substrate, wherein the semicon-
ductor substrate comprises a porous dielectric material hav-
ing a dielectric constant; and wherein after said contacting,
rinsing and drying steps the dielectric constant of the porous
dielectric material does not increase more than 0.50, or does
not increase more than 0.25.

The preferred components used to form the cleaning
compositions are the same preferred components for use 1n
the replenishment composition as described above for the
cleaning composition. The replenishment compositions will
comprise the same components, although typically fewer
components than the cleaning composition to which 1t 1s
added and typically the ratios for the components in the
cleaning composition will differ from the ratios of the
components in the replenishment composition. The exact
preferred components and the ratios of the components in
the replenishment composition will be a function of the rate
of loss of each particular component either by its removal
with the substrate (e.g. from the bath) upon completion of
the contacting step or due to i1ts evaporation from the
composition relative to the other components” evaporation.

In one embodiment, the replenishment composition 1s
added to the cleaning composition by periodic addition to
the bath, for example, via a nozzle. A level sensor may be
used to determine how much replenishment composition to
add to the bath. The replenishment composition may be
added after each substrate or after each batch of a plurality
of substrates are cleaned by contacting them with the
cleaning composition. However, after a set number of sub-
strates have been treated, by the cleaning composition, the
entire bath may require that the cleaning composition be
discarded and replaced with fresh cleaning composition, and
the process of contacting and adding can be repeated. The
intervals for adding the replenishment composition to the
cleaning composition and replacing the entire cleaning com-
position will vary depending upon the temperature of the
cleaning composition, the substrates to be cleaned, and the
residues and can be determined by a person of skill 1n the art.
Although the present invention has been principally
described 1n connection with cleaning semiconductor sub-
strates, the cleaning compositions of the mvention can be
employed to clean any substrate that includes organic and
inorganic residues.

EXAMPLES

The following examples are provided for the purpose of
turther 1llustrating the present invention but are by no means
intended to limit the same.

General Procedure for Preparing the Cleaning Composi-
tions

All compositions which are the subject of the present
Examples were prepared by mixing 100 g of material in a
150 mL beaker with a 1 inch (2.5 centimeter) Tetlon-coated
stir bar. The compositions are listed in the Tables below.

Compositions ol the Substrate:

Each substrate used in the present Examples comprised a
metal layer for etch rate evaluation (copper or cobalt) on
crystalline silicon water, The waler coupon was cut out from
a whole water into about 1 inch (2.5 centimeter)x1 inch (2.5
centimeter) size and initial thickness of metal layer was
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measured using Resmap four point probe (Creative Design
Engineering, Inc., Cupertino, Calif., USA).

Processing Conditions:

Cleaning tests were run using about 100 mL of the
cleaning compositions 1n a 150 mL beaker with a 1 inch (2.5
centimeter) round Teflon stir bar set at 500 revolutions per
minute. The cleaning compositions were heated to the
desired temperature indicated below on a hot plate 1 nec-
essary. Waler segments approximately 1 inch (2.5 centime-
ter)x1 inch (2.5 centimeter) in size were immersed in the
compositions under the following set of conditions: 0, 15
and 60 minutes at 35 degrees C.

The segments were then rinsed for 3 minutes 1 a DI water
overtlow bath and subsequently dried using filtered nitrogen.
They were then analyzed for thickness change using Resmap
four point probe (Creative Design Engineering, Inc., Cuper-
tino, Calif., USA).

Etch Rate Measurement Procedure

Coupons of the blanket Cu or blanket Co walers were
measured for metal layer thickness by measuring the resis-
tivity of the layer by employing a ResMap™ model 273
resistivity 1nstrument from Creative Design Engineering,
Inc. The coupons were then immersed 1n the composition at
the desired temperature for up to one hour. Periodically the
coupons were removed from the composition, rinsed with
de-1onized water and dried and the thickness of the metal
layer was again measured. A graph of the change in thick-
ness as a function of immersion time was made (not shown)
and the etch rate 1n Angstroms/min was determined from the
slope of the curve.

Film Loss Measurement Procedures

1. Measure the thickness before chemical immersion.

2. Immersion test was carried out 1n beaker with magnetic
stir agitation (500 revolutions per minute) at 35 degrees C.
for 15 or 60 minutes.

3. Chemical immersion was followed by 3 minutes DI
rinse and N, blow dry.

4. Measure the thickness after chemical immersion.

5. Etch Rate=(Step 1-Step 4)/Immersion time
FIGS. 1aq and 15 identily the components of the composi-
tions tested, the mass of each component, and the film loss
rate.

The foregoing examples and description of the preferred
embodiments should be taken as illustrating, rather than as
limiting the present invention as defined by the claims. As
will be readily appreciated, numerous variations and com-
binations of the features set forth above can be utilized
without departing from the present invention as set forth in
the claims. Such variations are not regarded as a departure
from the spirit and scope of the invention, and all such
variations are intended to be included within the scope of the
following claims.

The use of open terms, for examples “comprising” and
“having” herein include the more restrictive “consisting of”
and “consisting essentially of” as if they were explicitly set
forth everywhere the open terms appear.

What 1s claimed 1s:

1. A composition useful for removing residue from a
semiconductor substrate, the composition comprising: from
about 25% to about 80% by weight of water; from about
0.01% to about 5% by weight of a fluoride 101 source, based
on actives; from about 0.01% to about 10% by weight of
sulfuric acid; from about 1% to about 50% by weight of an
alkanolamine; from about 1% to about 25% by weight of an
organic acid, from about 0.1% to about 15% by weight of a
corrosion inhibitor selected from the group consisting of
benzotriazole, o-tolyltriazole, m-tolyltriazole, p-tolyltriaz-
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ole, carboxybenzotriazole, 1-hydroxybenzotriazole,
nitrobenzotriazole and  dihydroxypropylbenzotriazole,

wherein the pH of the composition 1s from 7 to 9.

2. A composition useful for removing residue from a
semiconductor substrate, the composition comprising: from
about 25% to about 80% by weight of water; from about
0.01% to about 5% by weight of a source of tluoride 10ns,
based on actives; from about 0.01% to about 10% by weight
of sulfuric acid; from about 1% to about 50% by weight of
an alkanolamine; from about 1% to about 25% by weight of
an organic acid; and a water-miscible organic solvent.

3. The composition of claim 2 further comprising from
about 0.1% to about 15% by weight of a corrosion inhibitor
selected from the group consisting of benzotriazole, o-tolyl-
triazole, m-tolyltriazole, p-tolyltriazole, carboxybenzotriaz-
ole, 1-hydroxybenzotriazole, mtrobenzotriazole and dihy-
droxypropylbenzotriazole.

4. The composition of claim 2, wherein said water-
miscible organic solvent 1s selected from the group consist-
ing of propylene glycol, glycerol, dimethylacetamide, tetra-
hydrofuryl alcohol, ethylene glycol, hexylene glycol, and
mixtures thereof.

5. The composition of claim 1 wherein the fluoride 10n
source 1s selected from the group consisting of hydrogen
fluoride (HF), ammonium fluonnde (NH,F), ammonium
hydrogen difluvoride (NH_,HF,), ammonium fluoroborate
(NH,BF_ 4), boron trifluoride (BF,), fluoroboric acid
(HBF ), hydrosilicofluoric acid (H,S1F(), and a quaternary
ammonium fluoride.

6. The composition of claim 5 wherein the fluoride 10n
source 1s ammonium fluoride.

7. The composition of claim 5 wherein the fluoride 10n
source 1s HF.

8. The composition of claim 5 wherein the fluoride 10n
source 1S a quaternary ammonium compound selected from
the group consisting of tetramethylammonium fluoride and
tetrabutylammonium fluoride.

9. The composition of claim 1 wherein the organic acid 1s
selected from the group consisting of 1-ascorbic acid, oxalic
acid, malonic acid, citric acid, acetic acid, imiodiacetic acid,
lactic acid, para-toluene sulfonic acid, gallic acid, and mix-
tures thereof.

10. A composition comprising: from about 5% to about
25% by weight of water; from about 10% to about 45% by
weight of a water-miscible organic solvent selected from the
group consisting of propylene glycol, glycerol, dimethylac-
ctamide, tetrahydrofuryl alcohol, ethylene glycol, hexylene
glycol, and mixtures thereot; from about 20% to about 30%
by weight of at least one alkanolamine; from about 5% to
about 15% by weight of HF (3% aqueous solution; from
about 0.5% to about 2% by weight of an organic acid 1s
selected from the group consisting of 1-ascorbic acid, oxalic
acid, malonic acid, citric acid, acetic acid, imiodiacetic acid,
lactic acid, para-toluene sulfonic acid, gallic acid, and mix-
tures thereof; from about 1.5% to about 8% by weight of
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sulfuric acid; and about 0.1% of a triazole selected from the
group consisting ol benzotriazole, o-tolyltriazole, m-tolyl-
triazole, p-tolyltriazole, carboxybenzotriazole, 1-hydroxy-
benzotriazole, nitrobenzotriazole and dihydroxypropylben-
zotriazole, wherein the composition has a pH of from about
7 to about 9.

11. The composition of claim 1 wherein the organic acid
1s 1-ascorbic acid.

12. A composition comprising: from about 50% to about
73% by weight of water; from about 20% to about 30% by
weilght of at least one alkanolamine; from about 5% to about
15% by weight of HF (5% aqueous solution; from about
0.5% to about 2% by weight of L-ascorbic acid; and from
about 1.5% to about 8% by weight of sulfuric acid; and
about 0.1% of a triazole selected from the group consisting
ol benzotriazole, o-tolyltriazole, m-tolyltriazole, p-tolyltri-
azole, carboxybenzotriazole, 1-hydroxybenzotriazole,
nitrobenzotriazole and  dihydroxypropylbenzotriazole,
wherein the composition has a pH of from about 7 to about
9.

13. The composition of claim 3 wherein the triazole 1s at
least one of benzotriazole, o-tolyltriazole, m-tolyltriazole,
and p-tolyltriazole.

14. The composition of claim 1 wherein the alkanolamine
1s selected from the group consisting of N-methyletha-
nolamine (NMEA), monoethanolamine (MEA), dietha-
nolamine, mono-, di- and tritssopropanolamine, 2-(2-amino-
cthylamino)ethanol, 2-(2-aminoethoxy)ethanol,
triecthanolamine, N-ethyl ethanolamine, N,N-dimethyletha-
nolamine, N,N-diethyl ethanolamine, N-methyl dietha-
nolamine, N-ethyl diethanolamine, cyclohexylaminedietha-
nol, and mixtures thereof.

15. The composition of claim 14 wherein the
alkanolamine 1s monoethanolamine.

16. The composition of claaim 14 wherein the
alkonolamine 1s triethanolamine.

17. The composition of claam 4 wherein the water-
miscible organic solvent 1s dimethylacetamide.

18. The composition of claim 4 wherein the water-
miscible organic solvent 1s propylene glycol.

19. The composition of claam 4 wherein the water-
miscible organic solvent 1s glycerol.

20. A method for removing residue from a semiconductor
substrate, the method comprising the steps of: contacting the
semiconductor substrate with a cleaning composition
according to claim 1, wherein the semiconductor substrate
comprises a porous dielectric material having a dielectric
constant; rinsing the cleaning composition from the semi-
conductor substrate; and drying the semiconductor substrate,
wherein the dielectric constant of the porous dielectric
material does not increase more than 0.50, wherein the
residue comprises a cobalt residue.

21. The method claim 20 wherein the cleaning composi-
tion provides a copper etch rate of 4 A/min or less.
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